An anaerobic, nitrate-reducing, sulfur-and thiosulfate-oxidizing bacterium, designated strain 1812E T , was isolated from the vent polychaete Riftia pachyptila, which was collected from a deep-sea hydrothermal vent on the East Pacific Rise. Cells were Gram-stain-negative rods, measuring approximately 1.05±0.11 µm by 0.40±0.05 µm. Strain 1812E T grew at 25 --45 C (optimum 35 C), with 1.5-4.0 % (w/v) NaCl (optimum 3.0 %) and at pH 5.0-8.0 (optimum pH 6.0). The generation time under optimal conditions was 3 h. Strain 1812E
An anaerobic, nitrate-reducing, sulfur-and thiosulfate-oxidizing bacterium, designated strain 1812E T , was isolated from the vent polychaete Riftia pachyptila, which was collected from a deep-sea hydrothermal vent on the East Pacific Rise. Cells were Gram-stain-negative rods, measuring approximately 1.05±0.11 µm by 0.40±0.05 µm. Strain 1812E T grew at 25 --45 C (optimum 35 C), with 1.5-4.0 % (w/v) NaCl (optimum 3.0 %) and at pH 5.0-8.0 (optimum pH 6.0). The generation time under optimal conditions was 3 h. Strain 1812E
T was an anaerobic chemolithotroph that grew with either sulfur or thiosulfate as the energy source and carbon dioxide as the sole carbon source. Nitrate was used as a sole terminal electron acceptor. The predominant fatty acids were C 16 : 1 !7c, C 18 : 1 !7c and C 16 : 0 . The major polar lipids were phosphatidylethanolamine, diphosphatidylglycerol and phosphatidylglycerol. The major respiratory quinone was menaquinone MK-6 and the G+C content of the genomic DNA was 47.4 mol%. Phylogenetic analysis of the 16S rRNA gene of strain 1812E T showed that the isolate belonged to the Epsilonproteobacteria, and its closest relatives were Sulfurovum lithotrophicum 42BKT T and Sulfurovum aggregans Monchim 33 T (98.3 and 95.7 % sequence similarity, respectively).
DNA-DNA relatedness between strain 1812E T and the type strain of S. lithotrophicum was 29.7 %, demonstrating that the two strains are not members of the same species. Based on the phylogenetic, molecular, chemotaxonomic and physiological evidence, strain 1812E T represents a novel species within the genus Sulfurovum, for which the name Sulfurovum riftiae sp. nov. is proposed. The type strain is 1812E T (=DSM 101780 T =JCM 30810 T ).
Deep-sea hydrothermal vents are chemosynthetically sustained ecosystems in which Epsilonproteobacteria have been found to be highly represented and ecologically relevant (Campbell et al., 2006) . The Epsilonproteobacteria include three families: the Campylobacteraceae (Lastovica et al., 2014) , the Helicobacteraceae (Mitchell et al., 2014) and the Nautiliaceae representatives: Sulfurovum lithotrophicum, which was isolated from hydrothermal vent sediments in the Okinawa Trough (Inagaki et al., 2004) , and Sulfurovum aggregans, which was isolated from a deep-sea hydrothermal vent chimney in the Central Indian Ridge (Mino et al., 2014) . However, 16S rRNA gene sequences closely related to this genus have been recovered from deep-sea and shallow-water hydrothermal vents, deep hypersaline anoxic basins and sulfidic sediments worldwide, indicating that this genus is widespread in marine sulfidic environments (Huber et al., 2007; Kleinsteuber et al., 2008; Tokuda et al., 2008; Borin et al., 2009; Ruehland & Dubilier, 2010; Park et al., 2012; Giovannelli et al., 2013) . In this study, we describe a novel strain of Sulfurovum isolated from the tube of the hydrothermal vent polychaete Riftia pachyptila, which was collected at a deep-sea hydrothermal vent on the East Pacific Rise.
The tubeworm Riftia pachyptila was collected from a diffuse flow vent located on the East Pacific Rise at 9 49'¢ N 104 17¢ W, during the MESCAL-2 cruise (March 2012) using the manipulator arm of the DSV Nautile (Nautile dive 1812). The microbial biofilm on the outside of the tube was removed and inoculated into 10 ml of modified medium 1011 (Inagaki et al., 2004) -5 dilution of the primary enrichment were inoculated into fresh medium and a pure culture was obtained by repeated dilutions to extinction incubated at 30 C. The resulting pure culture was designated as strain 1812E
T . Long-term stocks of the isolate were prepared by freezing 850 µl of the culture supplemented with 150 µl sterile glycerol (Fisher Scientific). The stocks were stored at -À80 C.
For routine visualization of strain 1812E T , cells were stained with 0.1 % (w/v) acridine orange, and were observed using an Olympus BX 60 microscope with an oil immersion objective (UPlanFl 100/1.3). Transmission electron micrographs were obtained as previously described (Vetriani et al., 2004) . Cells of strain 1812E
T were Gramstain-negative rods, approximately 1.05±0.11 µm in length and 0.40±0.05 µm in width (n=100), with a polar flagellum (Fig. 1) .
Growth of strain 1812E
T was measured through direct cell counting on replicate cultures. Growth rates (µ; h-
À1
) were calculated at multiple time points on replicate cultures and averaged using: µ=(ln N 2 Àln N 1 )/(t 2 Àt 1 ), where N 2 and N 1 represent the number of cells ml À1 at time (hours of incubation) t 2 and t 1 , respectively. Generation times (t g ; measured in hours) were calculated using: t g =(ln2)/µ. To determine the temperature growth range of strain 1812E
T , cultures were incubated from 20 to 45 C (at 5 C intervals).
Growth was observed between 20 and 45 C with the optimal growth temperature being 35 C. All subsequent experiments were performed at 35 C. The salinity growth range of strain 1812E
T was examined by adjusting the concentrations of NaCl to between 0 and 50 g l À1 , at 5 g l À1 intervals. Growth was observed between 15 and 40 g NaCl l
, with optimal salinity being 30 g l
. The pH range of growth for strain 1812E
T was determined as previously described (Giovannelli et al., 2012) . Growth was observed between pH 5.0 and pH 8.0, with an optimum pH of 6.0. Under optimal conditions (35 C, 3.0 % NaCl, pH 6.0), the generation time of strain 1812E
T was 3 h (Fig. S1 , available in the online Supplementary Material). All subsequent experiments were carried out at optimal conditions. Antibiotic sensitivity of strain 1812E
T was tested using ampicillin, chloramphenicol, kanamycin and streptomycin all at concentrations of 0.1 g l
. Antibiotics were added aseptically prior to inoculation. An ethanol control was carried out along with the chloramphenicol resistance test. Growth of strain 1812E
T was inhibited by ampicillin, kanamycin and streptomycin. Growth was not observed in the ethanol control, leaving results regarding chloramphenicol resistance inconclusive.
Catalase activity of strain 1812E
T was tested by resuspending cells in 70 µl of a 3 % (v/v) solution of hydrogen peroxide at room temperature. Gas bubbles were not observed following the addition of hydrogen peroxide, indicating the absence of catalase activity.
The effect of organic substrates on the growth of strain 1812E
T was investigated by adding D+-glucose, sucrose, acetate, formate, lactate, peptone, tryptone and Casamino acids (each at 2 g l 200 kPa) gas phase, and/or as carbon sources in bicarbonate-depleted medium under an N 2 gas phase (100 %; 200 kPa). Under these conditions no growth was observed. Strain 1812E
T was tested for its ability to use different electron donors and acceptors. To test for possible alternative electron donors, sulfur (0.3 g l
) and H 2 (80 %; 200 kPa) were supplemented to thiosulfate-depleted medium. Growth was observed only with sulfur as the electron donor. The following possible electron acceptors were tested in nitrate-depleted medium: sodium sulfate (7 mM), sodium sulfite (4.1 mM), sodium arsenate (5 mM), sodium selenate (5 mM), sulfur (3 %, w/v) and oxygen (21, 5 and 0.5 %, v/v, in the gas phase). Growth was not observed with any of the alternative electron acceptors. Therefore, we concluded that strain 1812E T conserved energy by coupling the oxidation of thiosulfate or sulfur with the reduction of nitrate. Formation of dinitrogen gas as the end product of nitrate respiration was detected by the formation of bubbles in an inverted Durham tube placed in the culture medium, implying that strain 1812E
T is a denitrifier.
Chemotaxonomic analyses of strain 1812E T , including analyses of cellular fatty acids, polar lipids and respiratory quinones, were carried out by the Identification Service of the Deutsche Sammlung von Mikroorganismen und Zelkulturen GmbH (DSMZ) using 200 mg of freeze-dried cells grown to early stationary phase under optimal conditions. The major cellular fatty acids were analysed as methyl ester derivatives using the Sherlock Microbial Identification System (MIS) (MIDI, Microbial ID) along with an Agilent model 6890N gas chromatograph. The major fatty acids of strain 1812E
T were C 16 : 1!7c (34.3 %), C 18 : 1!7c (28.4 %) and C 16 : 0 (15.4 %) (Table 1) . Compared with the major fatty acids of S. lithotrophicum and S. aggregans, strain 1812E
T had lower percentages of C 16 : 1 , C 16 : 0 and C 18 : 0 , but higher percentages of C 16 : 1!7c and C 18 : 1!7c (Inagaki et al., 2004; Mino et al., 2014) .
The polar lipids of strain 1812E
T were identified using TLC plates stained with molybdophosphoric acid (Tindall, 1990a, b) . The polar lipids of strain 1812E
T consisted of phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylglycerol and an unidentified phospholipid (Fig. S2) . Similar to strain 1812E T , S. aggregans possessed phosphatidylethanolamine and phosphatidylglycerol (Mino et al., 2014) . However, diphosphatidylglycerol within the genus Sulfurovum appears to be unique to strain 1812E
T .
Respiratory lipoquinone analysis of strain 1812E T was performed by TLC followed by HPLC of the eluted products (Tindall, 1990a, b) . The respiratory quinone of strain 1812E T was menaquinone-6 (MK-6), similar to S. aggregans and other Epsilonproteobacteria (Garrity et al., 2005; Mino et al., 2014) .
The G+C content of the genomic DNA of strain 1812E T was determined by HPLC analysis of the deoxyribonucleosides by the Identification Service of the DSMZ (Mesbah et al., 1989) . The genomic DNA of strain 1812E
T had a G+C content of 47.4 mol%, which is similar to that of its (Inagaki et al., 2004) ; 3, S. aggregans Monchim 33 T (Mino et al., 2014) . +, Positive; -À, negative;
ND, not determined. closest relative, S. lithotrophicum 42BK T (48.0 mol%), but higher than that of S. aggregans Monchim 33 T (42.6 mol%; Table 1 ).
Genomic DNA was extracted from strain 1812E T using the UltraClean Microbial DNA isolation kit, according to the manufacturer's instructions (MoBio Laboratories). The 16S rRNA gene was amplified and phylogenetically analysed as described previously (Giovannelli et al., 2012) . The closest publicly available sequences were then identified using BLASTN algorithms (against the public non-redundant database) followed by the identification of the closest cultured relatives using a global alignment algorithm implemented at the EzTaxon server (http://www.eztaxon.org/; Chun et al., 2007) . Selected sequences were aligned using CLUSTAL X and the alignment was manually refined in SEAVIEW (Galtier et al., 1996; Thompson et al., 1997) . A maximum-likelihood tree (Fig. 2) was then reconstructed, using PhylML (Guindon & Gascuel, 2003) and the general time-reversible (GTR) model. Tree topologies were evaluated by bootstrap analysis of 1000 replications. Phylogenetic analysis of the 16S rRNA gene showed that strain 1812E
T was a member of the family Helicobacteraceae within the class Epsilonproteobacteria, and clustered with other strains of the genus Sulfurovum (Fig. 2) . The closest relatives of strain 1812E
T were S. lithotrophicum 42BKT T and S. aggregans Monchim33 T (98.3 and 95.7 % 16S rRNA gene sequence similarity to strain 1812E T , respectively).
To establish whether strain 1812E T represented a novel species within the genus Sulfurovum, DNA-DNA hybridization was carried out between strain 1812E
T and its closest relative, S. lithotrophicum 42BK T . Cells were disrupted using a pressure cell (Thermo Spectronic) and the DNA in the lysate was purified through chromatography on hydroxyapatite (Cashion et al., 1977) . Hybridization was carried out using a model Cary 100 Bio UV/VIS-spectrophotometer equipped with a Peltier-thermostatted 6Â6 multicell changer and a temperature controller with in situ temperature probe (Varian) as previously described (Huss et al., 1983; Ley et al., 1970) . The level of genomic DNA-DNA relatedness between strain 1812E T and S. lithotrophicum 42BK
T was 29.7 %, indicating the two strains did not belong to the same species (Wayne et al., 1987 Description of Sulfurovum riftiae sp. nov.
Sulfurovum riftiae (rif'ti.ae N.L. fem. gen. n. riftiae of Riftia, a genus of annelid polychaete from which the organism was isolated). 
